
 

 

https://sid.ir/1790
https://sid.ir/1797
https://sid.ir/1798
https://sid.ir/1799
https://sid.ir/1800
https://sid.ir/1788
https://sid.ir/1703
https://sid.ir/1706
https://sid.ir/1708
https://sid.ir/1707
https://sid.ir/1789


 

Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 23-26 
 
International Journal of Industrial Chemistry 
 

www.ijichem.org  
Islamic Azad University 

Quchan Branch 
ISSN (online): 2228-5547 
ISSN (print): 2228-5970 

 

23 

 
Removal of Copper Ions from Aqueous Solution with a Weak Cation 

Exchanger by Radiation-Induction Grafting Acrylic Acid onto 
Polypropylene Fiber 

 
Zhongxin Jia, Yiling Beia*, Qingyang Liub 

 
aKey Laboratory of Special Functional Aggregated Materials, Ministry of Education, School of Chemistry and Chemical 

Engineering, Shandong University, 250100, Jinan, China 
bBeijing Center for Physical and Chemical Analysis, 100089, Beijing, China 

*Email: beiyiling@yahoo.com.cn 
 

Received: 17 November 2010; Accepted: 6 December 2010 
 
Abstract 

A carboxylic acid chelating fiber with high adsorption capacity for copper ions was prepared by grafting acrylic acid 
onto polypropylene fiber using pre-irradiation method. Effects of reaction conditions such as pH, initial copper 
concentration and adsorption time were discussed. The results showed that carboxylic acid chelating fiber is effective for 
the removal of copper ions in the range of pH=4.0-7.0. The chelating fiber also showed much higher capacities for copper, 
the equilibrium adsorption amount could be 24.35 mg/g for copper adsorption This chelating fibers exhibited good 
potential application in removal of copper ions in aqueous solution. 
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1. Introduction 
 

The synthesis of a solid-phase extractor for 
the removal of metal ions from aqueous waste 
is gaining popularity for its diverse 
potentialities in applications. Many industrial 
processes such as mining, electrolysis, battery 
and paints could discharge large quantities of 
wastewater containing copper ions into the 
environment [1]. The increasing level of copper 
ions in wastewater represents a serious risk to 
human health and ecological systems because 
they are non-biodegradable and can be 
accumulated in living tissues, therefore it must 
be removed before discharge [2, 3]. 

Various solid phase extractors have been 
prepared by the function of organic chelating 

reagents with different solid supports. Ion-
exchange fiber (IEF), which has a large 
effective specific surface area, can absorb 
metal ions at a high rate [4, 5]. Several 
synthetic fibers, such as polyester, 
polyacrylonitrile and polypropylene, have been 
used as the parent fiber for the production of 
conventional IEF [6-10]. Polypropylene is 
widely used because of its low density, low 
cost, easy processing and ability to be modified 
to meet a variety of performance 
characteristics. Nevertheless, PP without 
surface modification has difficulty in 
penetrating the most significant areas of 
adsorption materials because of its low 
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hydrophilicity [11]. Therefore, various methods 
were used to modify the PP surface to improve 
its low hydrophilicity. In recent years, pre-
irradiation method has been widely used as an 
alternative method to modify fiber to achieve a 
high grafting level under appropriate conditions 
[12, 13]. Furthermore, the grafting method can 
be carried out away from the irradiation 
sources at any time and can be operated 
continuously in industry. In this work, a pre-
irradiation grafting method was used to graft 
acrylic acid monomer onto polypropylene fiber 
for preparing a weak ion-exchanger fiber, 
which could be used for removal of copper ions 
in aqueous solution. 
 
2. Experimental 
2. 1. Reagents and apparatus 

All reagents used in this research were an 
analytical grade (AR). The polypropylene fiber 
(2.8 Denier) was purchased form Tengyun 
Polymer Materials CO., Ltd., Tianjing, China. 
The FTIR spectra were obtained with a Nicolet 
Magna IR750 at a resolution of 4 cm-1. The 
removal rate of Cu (II) by acrylic acid grafted 
polypropylene (PP) fiber was analyzed by 
direct measurement of the absorbance at 470 
nm using a UV-visible spectrophotometer 
(Shanghai). 
 
2. 2. Preparation of the adsorbents 

PP fibers cleaned with acetone were sealed 
in a poly(tetrauroethylene) bag and subjected to 
γ-ray irradiation in the absence of air at a dose 
rate of radiation of 0.837 KGy/h for 5 hours. 
After irradiation, the dried pre-irradiated PP 
fibers were sealed and placed in a refrigerator 
at 4℃ for future use. 

A 0.2 g of acrylic acid in a 100-ml three-
necked flask was bubbled with nitrogen for 20 
min to eliminate oxygen. Then the pre-
irradiated PP fibers and additives at different 
ratios (from 5:1 to 1:1) were added into the 
solution. The grafting reaction was carried out 
at a 70℃ for 5h. After reaction, the irradiated 
fibers were taken out and washed with toluene 

to removal monomer and homopolymers. The 
resulting acrylic acid grafted-PP fibers were 
dried in a vacuum at 70℃ for 48 h and then 
weighed. The degree of grafting was obtained 
using the following formula: G (%) = (Wg-
Wo)/Wo×100, where Wo and Wg are the weight 
of the original and grafted fiber, respectively. 
 
2. 3. Batch adsorption experiments 

Adsorption tests were performed by a batch 
technique at room temperature. The 0.5g 
adsorbents were placed in a flask containing 50 
mL of a copper solution (100 mg/L) and neutral 
pH. The resulting mixture was mixed 
continuously for a given time to reach 
equilibrium. The concentration of Cu2+ in 
solution was determined by a UV-visible 
spectrophotometer. 
 
3. Results and discussion 
3. 1. Characterization of PP-grafted acrylic 
acid fibers 

Regarding the pre-irradiation grafting 
method, the reactive species are confined in the 
substrate with free radicals. As previous 
reported by Laura Andreozzi et al. [14], the 
amounts of free radicals generated by 
irradiation were affected by temperature and 
reaction time. With regard to optimum grafting 
yield, 5 hours as reaction time and 70℃ were 
chosen as the reaction conditions in this work. 
The surface of the fibers before and after the 
introduction of the acrylic acid were observed 
using FTIR (Fig. 1.). The peaks for the PP fiber 
can be assigned as follows: 2965 cm-1 and 2837 
cm-1 ( γC-H asymmetric and symmetric in CH, 
CH2 groups), 1377 cm-1 (δsCH2), 1458 cm-1 

(δsCH), where γ represents a stretching 
vibration and δs represents a scissor vibration. 
Comparing with the spectrum of the PP fiber, a 
new absorption peak of 1711 cm-1 (C=O 
stretching) was observed in PP-grafted acrylic 
acid fibers, which confirm that acrylic acid has 
been grafted on to PP fiber.  
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Fig. 1. FTIR spectra of PP fiber and PP-grafted acrylic 
acid fiber. 
 
3. 2. Effect of pH on adsorption 

The speciation of copper ions solutions 
depends strongly on the pH of solution. 
According to stability constant calculations, it 
was found that Cu(OH)+ is dominant at pH >4; 
and while pH <4, Cu2+ was the main species in 
the aqueous solution. Considering forms of the 
ions at different pH value, the pH is studied 
from 0 to 7.0, and the results are shown in Fig. 
2. It can be seen that the sorption quantity of 
copper increases with the increasing pH. As 
shown in the figures, the adsorbed copper 
increased with increasing initial solution pH 
and reached its maximum (24.35 mg/g) on 
modified fiber at pH 0-7.0. It is probably 
because at lower pH the presence of H+ ions 
will compete with cationic copper for 
adsorption sites. When pH is increased, the 
modified PP fiber surface is more negatively 
charged, resulting in increase of adsorption, 
since electrostatic repulsion between copper 
ions and surface is decreased. It is evident that 
PP-grafted acrylic acid fiber was effective for 
the removal of copper in the pH range of 4.0-
7.0, and the most suitable value is 7.0, so the 
further adsorption experiments were carried out 
at pH 7.0 if not specified. 
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Fig. 2. Effect of pH on the adsorption capacity for PP-
grafted acrylic acid fiber for copper ions (C0=100 mg/L, 
time=2h, temperature =25℃) 
 
3. 3. Adsorption capacity 

The equilibrium adsorption amount of 
acrylic acid grafted-PP fiber was investigated 
over a range of copper initial concentrations. 
The results are shown in Fig. 3. It can be seen 
clearly that the adsorption amount of copper 
ions increases with the increasing equilibrium 
time and reaches a plateau at 60 min, which 
resulted in the saturation adsorption of copper 
on the chelating sites of fiber. Besides, in order 
to reach the “saturation”, the initial 
concentrations of copper ions were increased 
until the adsorption capacity values were 
obtained. As shown in Fig. 3., the adsorption 
rate is higher with a lower copper 
concentration, which can be explained by that 
lower copper concentration accelerates the 
diffusion of copper from the bulk solution onto 
the fiber [15]. There were some literatures 
available for copper ions removal in aqueous 
solution using adsorbent. Our adsorbents for 
copper removal exhibited similar adsorption 
performance compared to other results [16-18]. 
However, owing to better characteristic of PP 
fiber (low cost and easy processing), the acrylic 
acid grafted-PP could be widely used in 
Industrial applications. 

Archive of SID

www.SID.ir

http://www.nitropdf.com/
http://www.sid.ir


Zhongxin Ji et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 23-26 

26 

0 5 10 15 20 25 30 35 40 45 50 55 60 65

0

3

6

9

12

15

18

21

24

27

30

0 10 20 30 40 50 60

0

3

6

9

12

15

18

21

24

27

30

0 5 10 15 20 25 30 35 40 45 50 55 60 65

0

3

6

9

12

15

18

21

24

27

30

A
ds

or
pt

io
n 

am
ou

nt
s 

(m
g 

g-1
)

C0=1000 mg L-1

C0=500 mg L-1

Time (min)

C0=100 mg L-1

 
Fig. 3. Effect of time on the adsorption capacity for PP-
grafted acrylic acid fiber for copper ions (pH=7, 
temperature =25℃) 
 
4. Conclusions 

A weak cation exchanger containing 
carboxylic acid that could effectively remove 
copper ions was successfully prepared by pre-
irradiation grafting copolymerization of the 
acrylic acid onto polypropylene fiber. The 
chelating fiber shows much higher adsorption 
capacities for copper owing to the higher 
affinity of carboxylic acid for copper. The 
fibers show good great application potential of 
the chelating fiber in industrial wastewater 
purification. 
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